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ABSTRACT

The esters obtained by complete esterification of methyl «-D-glucopyranoside
with each of eight differently substituted aromatic acids were subjected to irradiation
(7.3 % 10'° ev/g/h) in the solid state. Only the p-toluenesulfonic esters were altered;
the substituted benzoic esters, regardless of the substitution on the benzene ring,
were stable. Radiation change in the two p-toluenesulfonic esters occurred at the
glycosidic bond, asshown by the i.r. spectra of the products. The stability of the other
substituted p-glucosides was so high that, even after dosages as high as 5.2 x 10?*
ev/g, no reducing power was measurable. The presence of either electropositive
or electronegative substituents on the aromatic ring did not significantly affect the
radiation change of the glycosidic bond, and it was suggested that protection arises
mainly from intramolecular transfer of energy to the aromatic group, followed by
dissipation of the energy as heat or light.

INTRODUCTION

Cleavage of the glycosidic bond is the predominant reaction when methyl a-D-
glucopyranoside'*? and di-, tri-, and poly-saccharides® are exposed to high-energy
radiation, both in the solid state and in aqueous solution. Phillips, Blouin, and Arthur®
showed that a considerable amount of protection of the glycosidic bond can be
achieved, over distances greater than one D-glucose residue, when aromatic esters of
p-glucosides are subjected to y-radiation. Protection appeared to be due to preferential
transfer of energy to the aromatic group, with dissipation of the energy as heat or light.

The effects: of the substitution of electropositive and electronegative groups
(on the aromatic rings) on the stability of some of the properties of aromatic esters of
the methyl p-glucopyranosides to high-energy radiation are now reported. Also, the
synthesis and characterization of eight of these esters are given.

RESULTS

The glycosidic group in all of the compounds was found to be highly resistant
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to radiation cleavage. No measurable amount of reducing power, as determined by
the method of Somogyi®, was found in any of the p-glucosides irradiated, even at
dosages as high as 5.2 x 10?! ev/g. Moreover, after debenzoylation of the irradiated
p-glucosides by alkaline hydrolysis®, no reducing power was detectable. For methyl
2,3,4,6-tetra- O-p-tolylsulfonyl-f-D-glucopyranoside (1) and methyl 4-chloro-2,3,6-tri-
O-p-tolylsulfonyl-f-p-glucopyranoside (2) under mild conditions of alkaline hydro-
lysis, desulfonylation was not accomplished, and complete dissolution was not possible.
With methanolic sodium hydroxide or with sodium methoxide in methanol” under
reflux, ring opening occurred, as indicated from the analysis of the unirradiated

control.

In the i.r. spectra of irradiated 1 and 2, a new band appeared at 1725 cm™?,

indicating the formation of carbonyl groups. For all of the other compounds, the
ir. and n.m.r. spectra were the same before and after irradiation. With the exception
of 1 and 2, the irradiated D-glucosides showed no component other than the starting
material when examined by t.1.c.;irradiated 1 and 2, showed an extra component (t.1.c.).
Radiation-induced cleavage of the sulfonic ester linkage was not observed.

An estimation of the radiation decomposition of the glycosidic bond was made
from the changes in optical rotation of the various compounds on irradiation. A sample
of each irradiated D-glucoside was debenzoylated®, and the optical rotation was
measured; the value was compared with that for the debenzoylated control. The
radiation decomposition for the D-glucosides at a dosage of 5.2 x 10%! ev/g was esti-
mated to be as follows: methyl 2,3,4,6-tetra- O-nicotinoyl-a-D-glucopyranoside (3),
5.5%; methyl 2,3,4,6-tetra-O-(phenylcarbamoyl)-a-D-glucopyranoside (4), 1.0%;
methyl 2,3,4,6-tetra- O-(p-methoxybenzoyl)-a-D-glucopyranoside (5), 2.29;; methyl
2,3,4,6-tetra- O-(p-nitrobenzoyl)-a-D-glucopyranoside (6), 2.2, ; methyl 2,3,4,6-tetra-
O-(p-ethoxycarbonylbenzoyl)-a-pD-glucopyranoside (7), 5.5%4; and methyl 2,3,4,6-
tetra- O-(o-chlorobenzoyl)-a-D-glucopyranoside (8), 1.0%;. The irradiated 1 had [«]3°
—2.47° (¢ 0.8, acetone) as compared with [¢]3° —9.7° (¢ 0.8, acetone) for the unir-
radiated sample. If the other D-glucosides irradiated were not debenzoylated prior
to the determination, the changes in the optical rotation were not significant.

For all of the D-glucosides, irradiation induced long-lived free-radicals which
were detected by the single line in their electron-spin resonance (e.s.r.) spectra; this
indicated that the free radicals were, most probably, formed by dehydrogenation at the
C-1-H bond. When the irradiated p-glucosides were stored under vacuum, the free
radicals were still detectable several weeks after irradiation. When they were stored
in air, the concentration of the radicals decreased; however, the shape of the e.s.r.
spectrum did not change. The formation of stable free-radicals in carbohydrates on
irradiation has been reported by other workers®~°. The color of the p-glucosides
did not change on irradiation, except for 3, which turned green; the green color in-
creased in intensity with the dosage, and disappeared completely on storage in the air.

The fluorescence spectra of the D-glucosides changed very little on irradiation, as
shown in Table L. In most cases, a new peak appeared in the longer-wavelength region
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of the spectra. The intensity of the new peak increased with increase in radiation
dosage.

TABLE I
FLUORESCENCE SPECTRA OF ESTERS OF METHYL D-GLUCOPYRANOSIDES®

Ester Before irradiation After irradiation
Activation Fluorescent Activation Fluorescent
peak, nm peak, nm peak, nm peak, nm

2,3,4,6-Tetra- O-(phenylcarbamoyl)-a-D- @) 277 (w) 302.5 (w) 341 405

2,3,4,6-Tetra-O-p-tolylsulfonyl-§-p- (1) 306.6 370 309, 325 370, 450

4-Chloro-2,3,6-tri-0-p-tolylsulfonyl-3-p- (2) 266.3 288.5 322 446

2,3,4,6-Tetra-O-(p-methoxybenzoyl)-o-D- (5) 287 363.6 290 344

2,3,4,6-Tetra- O-(p-nitrobenzoyl)-«-D- 6) 390 (vw) 4426(Vw) — —_

2,3,4,6-Tetra-O-(p-ethoxycarbonyl-
benzoyl)-a-D- () 300 375 310, 335 370, 400, 450
2,3,4,6-Tetra-O-(o-chlorobenzoyl)-x-p- (8) 268 (vw) 264(vw)
297.7 331, 376 300, 365 333, 415
2,3,4,6-Tetra-O-nicotinoyl-a-p- (3) 310 340 310 (vw) 336 (vw)

339 (vw) 398 (vs)

2All of the spectra were measured in chloroform. ®The spectra were determined 2-3 weeks after
irradiation; key: s, strong; v, very; w, weak.

DISCUSSION

When carbohydrates in the solid state are irradiated by ionizing radiation, the
mechanism of the loss of energy by the incident radiation to the carbohydrate molecule
is probably an initial, random, nonlocalized acceptance of the energy, followed by
dissipation of the energy as high-energy electrons within the molecule. The localization
of the energy of these electrons is influenced by the presence of aromatic groups. This
localization of energy could be effected through intramolecular transfer of energy to
the aromatic group or selective absorption of energy by the aromatic group, or both.
An aromatic system is able to accept the energy, to form well-defined, excited states;
the energy could then be dissipated as heat or light without causing bond cleavage in
the carbohydrate molecule. One simple way to deactivate the excited state of the
aromatic group is by fluorescence. All of the substituted p-glucosides reported here
exhibited fluorescence when excited by high-energy radiation. The intensity of the
new fluorescence peak, which appeared after irradiation of the p-glucosides, increased
with increase in radiation dosage.

For the p-toluenesulfonylated bD-glucosides, 1 and 2, the new band at
1725 cm™! in the ir. spectra was as4signed to the carbonyl group, an intermediate
formed during radiation damage of the glycosidic bond. The formation of this
reducing group could be explained by slight delocalization of the aromatic,
n-electron system by the d-orbital participation of the sulfur atom. This energy was
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apparently insufficient to break the carbon—oxygen bond so as to cleave the p-toluene-
sulfonic group from the D-glucose residue. ¢
Although intramolecular transfer of energy is the most probable path, inter-
molecular transfer of energy to the aromatic group is also a possibility. It has been
shown that intermolecular transfer of energy occurs during the irradiation of carbo-

hydrates*®.

EXPERIMENTAL

Melting points were determined in a Fisher—Johns apparatus, and were not
corrected. Infrared (i.r.) spectra were recorded with a Perkin-Elmer Infracord spectro-
photometer. Nuclear magnetic resonance (n.m.r.) spectra were determined for
solutions in deuteriochloroform at room temperature, unless otherwise stated, with
tetramethylsilane as the internal standard, by using a Varian A-60 spectrometer
equipped with a V-6040 variable-temperature probe. The purity of the compounds
was examined by thin-layer chromatography (t.I.c.) on Silica Gel G, with 1:1:3 (v/v)
acetic acid—water—ethyl acetate for unsubstituted D-glucosides and 1:1 (v/v) ethyl
acetate-petroleum ether (b.p. 30-40°) for the substituted p-glucosides. The spray
reagent used was 5% sulfuric acid in ethanol (with subsequent charring for 10 min at
110°).

Methyl 2,3,4,6-tetra-O-(phenylcarbamoyl)-a-D-glucopyranoside (4). — This
compound was prepared by a method described in the literature!2. After recrystalliza-
tion five to six times from alcohol-acetone, the product had m.p. 248-250° (dec).,
[o]3> +72.9° (¢ 2.0, acetone); lit.'2 m.p. 227° (dec.), [«]3® +73.0° (¢ 3, acetone).
vi3r 3390 (NH), a doublet at 1770 and 1730 (CO), 1618, 1466 (aryl C=C), 1548 cm ™!
(Amide II); n.m.r. data (Me,SO-d; at 52°): 7 0.24-0.9 (4-proton multiplet, NH);
72.49-3.57 (20-proton multiplet, aromatic); t 4.32-5.49 (4-proton multiplet, pyranoside
ring protons); t 5.60-6.40 (3-proton multiplet, other ring proton and C-6-methylene
protons); 7 6.75 (3-proton singlet, OMe).

Anal. Calc. for C3sH 3, N,O,: C, 62.68; H, 5.07. Found: C, 63.25; H, 5.38.

Methyl 2,3,4,6-tetra-O-p-tolylsulfonyl-f-n-glicopyranoside (1). — This com-
pound was prepared by the method described by Hess and Stenzel'3; it had m.p.
183-4°, [«]3® —9.7° (c 0.7, acetone); lit.!* m.p. 183—4°, [«]L® —9.8° (acetone). v&5*
1613, 1515, 1471 (aryl C=C), 1404, 1385 (-O-SO,-), 1208, 1193 cm—! (-0-SO,-);
n.m.r. data (Me,SO-d; at 64°): = 1.98-2.79 (16-proton multiplet, aromatic); ¢ 6.8
(3-proton singlet, OMe); = 7.53 (singlet, aromatic methyl). Other protons could not
be identified, because a poor spectrum was obtained owing to the insolubility of the
compound.

Methyl 4-chlore-2,3,6-tri-O-p-tolylsulfonyl-f-p-glucopyranoside (2). — This
compound was prepared by the method described by Hess and Stenzel'?; it had m.p.
186-7°, [a]3! — 18.7° (c 0.84, acetone); lit.'> m.p.186-7°, [a]2° — 18.9° (c 0.94, acetone).
vKBr 1616, 1515, 1471 (aryl C=C), 1404, 1389 (-O-SO,-), 1208, 1190 cm ™! (-O-SO,-);
n.m.r. data (Me,SO-dg; at 50°): = 1.92-2.71 (12-proton mulitiplet, aromatic); = 6.71
(3-proton singlet, OMe); t 7.49 (singlet, aromatic methyl). Other protons could not
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be identified, because a poor spectrum was obtained owing to the insolubility of the
compound.

Methyl 2,3,4,6-tetra-O-(p-methoxybenzoyl)-a-D-glucopyranoside (5). — A solu-
tion of methyl «-p-glucopyranoside (4.8 g, 0.025 mole) in chloroform (20 ml) was
cooled in ice, and a precooled solution (0°) of anisoyl chloride (25.5 g, 0.15 mole) and
anhydrous pyridine (24 g, 0.3 mole) in chloroform (20 ml) was added, with stirring, at
such a rate that the temperature did not rise above 0°. After the D-glucoside had
dissolved, the mixture was kept in the ice-bath for 24 h, and then poured over ice-water,
and the mixture was extracted thoroughly with chloroform. The extract was success-
ively washed with ice-cold, dilute sulfuric acid, aqueous sodium carbonate, and water,
dried (anhydrous sodium sulfate), and evaporated to a thick syrup which was dissolved
in ether—chloroform. On cooling the solution, compound 5 crystallized (yield 80-85%,).
After two recrystallizations from the same solvent mixture, it had m.p. 144°; [o]3®
+79.2° (¢ 2.0, acetone); vKEr 2857 (OMe), 1754 (CO), 1629, 1538 (aryl C=C), 1274
(O-CO-R) cm™1; n.m.r. data: two sets of multiplets of a total of 16 protons (due to
aromatic ring) centered at 7 2.01 (8 protons) and z 3.11 (8 protons); 7 3.56-4.84
(4-proton multiplet, pyranoside ring protons); © 5.17-5.75 (3-proton multiplet due to
1 ring-proton and 2 C-6-methylene protons); 4 singlets centered at = 6.18 (12 protons,
aromatic OMe); t 6.48 (3-proton singlet, OMe).

Anal. Calc. for C3;oH350,4: C, 64.10; H, 5.20. Found: C, 63.74; H, 5.10.

Methyl 2,3,4,6-tetra-O-(p-nitrobenzoyl)-a-D-glucopyranoside (6). — A solution of
p-nitrobenzoyl chloride (12 g, 0.065 mole) in anhydrous pyridine (15 g, 0.19 mole) was
added, with stirring, to a solution of methyl a-D-glucopyranoside (2 g, 0.010 mole) in
anhydrous chloroform at 0°. The mixture was kept in an ice-bath overnight, and then
processed as for 5. The solid product was recrystallized from alcohol-chloroform;
(yield 80%); m.p. 181-2°; [«]3® +92.2° (¢ 1.0, acetone); vEEr 1761 (CO), 1626, 1550
(aryl C=0C), 1366 (INO,), 1290 (O-CO-R)cm ™ }; n.m.r. data: = 1.47-2.31 (16-proton
multiplet, aromatic); = 3.52-4.8 (4-proton multiplet, pyranoside ring protons);
7 5.22-5.6 (3-proton multiplet, other ring proton and C-6-methylene protons); t 6.44
(3-proton singlet, OMe).

Anal. Calc. for C35H,6N,O,4: C, 53.16; H, 3.29. Found: C, 52.90; H, 3.41.

Methyl 2,3,4.6-tetra-O-(p-ethoxycarbonylbenzoyl)-a-D-gluicopyranoside (7). —
A solution of 10 ml of p-ethoxycarbonylbenzoyl chloride (prepared from the half-acid
ester of terephthalic acid by the thionyl chloride method) was added, with stirring, to
a solution of methy!l «-pD-glucopyranoside (1.5 g, 0.077 mole) in anhydrous pyridine
(12 ml) at 0°, and the mixture was kept overnight at room temperature. The mixture,
which had become dark red, was processed in the usual way, affording a dark-brown
gum which did not crystallize, and was therefore purified by chromatography on neutral
alumina. This treatment gave a pale-yellow oil which solidified on trituration with
ether—petroleum ether (b.p. 30-40°). Several recrystallizations from alcohol gave color-
less needles (yield 50-60%,); m.p. 125°; [¢]2® +69.3 °(c 2.0, acetone); vEEF 1761 (CO),
1592, 1520, 1471 (w, aryl C=C), 1290 (broad, -CO,R~) cm™!; n.m.r. data: = 1.93,
1.98, 2.03, 2.09 (multiplets, 16 protons, aromatic); t 3.67—4.88 (4-proton multiplet,
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pyrancside ring protons); 7 5.28-5.88 (11-proton multiplet, 1 ring proton, 2 C-6-
methylene protons and 8CO,CH,CH; protons); t 6.46 (3-proton singlet, -OMe);
7 8.33-8.83 (12-proton multipiet, -OCOCH,CH,).

Anal. Calc. for C,;H460,5: C, 62.80; H, 5.12. Found: C, 62.94; H, 5.17.

Methyl 2,3,4,6-tetra-O-(o-chlorobenzoyl)-a-D-glucopyranoside (8). — This com-
pound was prepared from methyl a-D-glucopyranoside and o-chlorobenzoyl chloride
by the method used for 7, and the product was purified by chromatography on alumina.
The resulting solid was recrystallized from alcohol-chloroform, giving a colorless,
granular solid (yield 70%); m.p. 118-9°; [¢]3® +76.6° (c 2.1, acetone); vier 1770 {CO),
1608, 1488, 1449 (aryl C=C), 1266 (CO,R) cm™!; n.m.r. data: = 1.93-3.1 (16-proton
multiplet, aromatic); ¢ 3.54.87 (4-proton multiplet, pyranoside ring protons);
7 5.16-5.8 (3-proton multiplet, other ring protons, and C-6-methylene protons); 7 6.55
(3-proton singlet, OMe).

Anal. Cale. for C;5H,,CL,0,,: C, 56.15; H, 3.47. Found: C, 56.45; H, 3.46.

Methyl 2,3,4,6-tetra-O-nicotinoyl-a-D-glucopyranoside (3). — Nicotinoyl chloride
(9.0 g, 0.064 mole, prepared by the method of Wingfield er al.'*) was added, with
stirring, to a solution of methyl a-p-glucopyranoside (2.0 g, 0.010 mole) in a mixture
of pyridine (10 ml) and chloroform (20 ml) at 0°. The mixture was kept overnight at
room temperature, and then poured over ice, and the mixture was extracted with
chloroform. The extract was extracted several times with cold, dilute sulfuric acid, and
the aqueous extracts were combined and neutralized with dilute sodium hydroxide
solution. An oil separated, and was collected by extraction with chloroform; the
extract was washed with water, dried, and evaporated to dryness, giving a residue
which was crystallized from alcohol-ether; fine needles (yield 60%); m.p. 142° (lit.*®
m.p. 137°); [a]33 +96.1° (¢ 2.0, acetone); vKBf 1754 (CO), 1613, 1497, 1441 (C=C and
C=N, pyridine ring), 1307 (—CO,R) cm™!; n.m.r. data: four sets of multiplets of a
total of 16 protons (due to the pyridine ring) centered at v 0.84 (4 protons, H,);
t 1.265 (4 protons, Hy); © 1.74 (4 protons, Hy); © 2.63 (4 protons, H.); t 3.47-4.84
(4-proton multiplet, pyranoside ring protons); = 5.1-5.74 (3-proton multiplet, other
ring protons, and C-6-methylene protons); T 6.44 (3-proton singlet, OMe).

H H
N /€
V2R
—0—CO0—C C
\ /\
C==N Hb
Hg

Anal. Calc. for C3;H,¢N,O,4: C, 60.59; H, 4.23. Found: C, 60.93; H, 4.53.

Irradiation. — The esters of methyl «-D-glucopyranoside in the solid state were
irradiated in air at room temperature in the SRRL®°Co radiation source*® to the desired
dosage. The dose rate, determined by ferrous—ferric dosimetry!?, was 7.3 x- 10'°
ev/g/h. The irradiated samples were analyzed immediately after irradiation.
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